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Abstract
Methanotrophic bacteria inhabit the rhizosphere and potentially inhibit the growth of pathogens. Therefore, they have
potential utility as biological control agents. This study aimed to analyze 10 isolates of indigenous Methanotrophic bacteria with the potential to act as biological control agents for Xanthomonas oryzae pv. oryzae. Analysis of antagonistic
activity was conducted by the direct inhibition method on media using the following parameters: the time to formation
of a clear zone, the diameter of the clear zone, and the index of inhibition. The study recommended two isolates as biological control agents that can be combined to inhibit the growth of Xanthomonas oryzae pv. oryzae.
Keywords: bacteria, biological control, diseases, methanotrophic, rice

ulated with a modification of the environment as well as
the host plant [4].

Introduction
Bacterial leaf blight (BLB) is one of the most widespread diseases in rice. BLB is an important problem in
several countries, including Indonesia. The yield losses
caused by BLB reached 70%–80% in Indonesia, 74%–
81% in India, and 20%–50% in Japan [1]. BLB attacks
cause crop failure, reaching 21%–36% during the rainy
season and 18%–28% in the dry season [2].

BLB disease control measures have been carried out
with various technologies, including the development of
resistant varieties. However, it is constrained by the
ability of the pathogen to form a new, more resistant
strain. In addition, pesticides in the form of antibacterial
chemicals have been developed, but they have negative
effects on human and animal health and the environment. Therefore, the use of a biological control agent in
the form of antagonistic bacteria is very appropriate for
BLB control without damaging the environment. Biological control agents for aquatic organism are live microorganisms that are associated with and beneficial to
the host plant [5].

BLB is a disease caused by Xanthomonas oryzae pv.
oryzae (Xoo). This pathogen can infect rice at all phases
of growth, from the nursery to the harvest, by infecting
the stomata and damaging the chlorophyll. These bacteria are spread by irrigation water in rice fields and most
likely inhabit the rhizosphere on rice
The rhizosphere is an excellent habitat for microbes
because plant roots release organic materials that stimulate both pathogenic and antagonistic microbes.
Methanotrophic bacteria can be used as bioremediation
agents, as they are known to reduce methane gas emissions. In addition, they can be used as biological control
agents against Xoo. Some rhizosphere bacteria can act
as both a biological control agent and a biofertilizer [3].
Furthermore, there is great opportunity for biological
control of plant diseases because the organisms are already available in nature, and their activity can be stim-

The use of bacteria as a biological control agent supports BLB control; therefore, this study aims to analyze
the potential of indigenous methanotrophic bacteria as
biological control agents against Xoo

Materials and Methods
The bacteria used are a collection of 10 indigenous
methanotrophic isolates [6]. Isolates were cultivated on
Nitrate Mineral Salt media [7]. The pathogenic bacterium used was previously isolated Xoo. The isolates
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were cultured on solid media. The isolates and the pathogen were diluted to a concentration of 108 CFU/ml on
Nutrient Broth media and subsequently incubated on a
shaker for 24 hours.
Analysis of antagonistic activity was performed directly
by the inhibition method on growth media. Both indigenous methanotrophic bacteria and the pathogen were
grown together on Nutrient Agar. The establishment of
a clear zone was observed by incubation with antimicrobial susceptibility test disks (diameter: 5 mm). This
treatment was repeated three times for each test. Observation parameters included the time to formation of a
clear zone, the diameter of the clear zone, and the index
of inhibition.
The index of inhibition was scored according to the diameter of the inhibition zone in the following categories: very strong (>3.0) with the symbol (++++); strong
(2.0 to 2.9) with the symbol (+++); moderate (1.0 to
1.9) with the symbol (++); weak (0.1 to 0.9) with the
symbol (+); and absent (0,0). The index of inhibition
(II) is calculated with the following formula:

IB =

ୈେ ି ୈୈ

All isolates (Table 1) could act as antagonists against
Xoo. The antagonistic activity of bacterial isolates is
characterized by the formation of a clear zone on the
growth medium (Figure 1), indicating an antibiotic
mechanism of action.
Zuraidah [8] stated that isolates that potentially inhibit
the growth of Xoo were marked with the formation of a
clear zone. Thus, it could be said that indigenous
methanotrophic bacteria produce antibiotic compounds
that effectively inhibit the growth of pathogenic Xoo.
Based on the findings of research carried out by Nonci
et al. [9], indigenous methanotrophic bacteria can
produce

Table 1. Results for Analysis of Antagonistic Activity

Diameter
of clear zone (cm)
0.9
1.2
1.2
1.0
0.6
0.8
1.5
1.0
0.8
0.8

GMV 1
GMV 3
GMV 9
GMR 1
GMR 8
GMP 2
GMP 4
TMV 3
TMV 5
TMP 5

Results and Discussion

(1)

ୈୈ

Isolate
Code

Description:
IB = the index of inhibition
DTD = the diameter of test disks (5 mm)
DCZ = the diameter of clear zone (cm)

Analysis of antagonistic activity
Start Time of Formatting
clear zone (days)
4
5
2
5
5
5
5
3
3
3

Barriers
of Index value
0.8
1.4
1.4
1.0
0.2
0.6
2.0
1.0
0.6
0.6

Category
+
++
++
++
+
+
+++
++
+
+

Description Category; + = weak, ++ = moderate, +++ = Strong

(a)

(b)

Figure 1. (A) Isolate GMV 9: Clear Zone is Formed (B) Isolate Control: Clear Zone is not Formed
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H2S, a toxic gas compound. Furthermore, Whipps [10]
explained that the antibiotic compound inhibits the
growth of pathogens through direct contact between
antagonists and pathogens. The clear zones of isolates
GMP 4 and GMR 8 were found to have the greatest (1.5
cm) and smallest (0.6 cm) diameters, respectively. This
indicates that GMP 4 produced stronger antimicrobial
compounds than GMR 8.
The fastest time to clear zone formation was found with
GMV 9: 2 days after incubation. The slowest was found
on GMV 3, GMR 1, GMR 8, GMP 2, and GMP 4: 5
days after incubation. The time taken to form a clear
zone depends on the ability of the isolate to compete
with the pathogen for nutrients in the medium, as well
as the ability of bacteria to release secondary metabolic
compounds that inhibit pathogen growth. The ability of
bacteria as biological agents is associated with the ability to compete for food and produce secondary metabolic compounds, such as antibiotics, siderophores, and
extracellular enzymes [11].
The highest index of inhibition was found for the GMP
4 isolate and the lowest was found for the GMR 8 isolate. Analysis of antagonistic activity was also carried
out in another study, producing different values of the
inhibition index [12]. Those differences are thought to
be caused by genetic differences between isolates.
Bargabus et al. [13] stated that the antagonistic ability
of each isolate is determined by its genetic background.
The strongest inhibition index (+++) was demonstrated
by the GMP 4 isolate, followed by moderate inhibition
(++), shown by the isolates GMV 9, GMR 1, and TMV
3, and lastly, GMV 1, GMR 8, GMP 2, TMV 5, and
TMP 5 comprised the weak inhibition category (+).
Indigenous methanotrophic bacteria that can inhibit the
growth of Xoo are ideal for use as biological control
agents because they are enviromentally friendly. These
bacteria are abundantly available in the rhizosphere and,
therefore, easily acquired. Biological control of pathogens using microorganisms associated with the
rhizosphere and organic material is an efficient and environmentally friendly method [14].
The rate of the formation of a clear zone and the inhibition index are different for each isolate. This difference
is due to their capability to adapt to the environment and
their resistance to toxic compounds produced by pathogenic bacteria. Certain combinations of microbes may
suppress diseases by a synergistic mechanism of action.

Conclusion
This study found the following two isolates to be
potential biological control agents: GMV 4 had the
shortest time to formation of a clear zone, and GMV 9
Makara J. Sci.
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had the largest index of inhibition. Both isolates can be
combined to inhibit the growth of Xoo on rice.

Acknowledgments
The authors would like to thank the staff, researchers,
assistant and all related parties who has helped carry out
this research in the laboratory.

References
[1] Djatmiko H.A., Prakoso B., Prihartiningsih N.
2011. Penentuan Patotipe dan Keragaman Genetic
Xanthomonas oryzae pv. oryzae pada Tanaman
Padi di wilayah Karesidenan Banyumas. Jurnal
Hama dan Penyakit Tumbuhan Tropika. 1: 35-46.
[2] Suparyono Sudir. 1992. Media Panel. Sukamandi.
pp. 6-12.
[3] Putra, C., Giyanto. 2014. Kompatibilitas Bacillus
spp dan Actinomiset sebagai Agen Hayati
Xantomonas oryzae pv. oryzae dan Pemacu
Pertumbuhan Padi. Jurnal Fitipatologi Indonesia. 5:
160-169, doi: 10.14692/jfi.10.5.160
[4] Cook R.J, K.F Baker. 1996. The Nature and Practice of Biological control of Plant Pathogens. The
American Psychopathological Society Press. Unites
State Am. pp 539-344.
[5] Verschuere, L., Rombaut, G., Sorgeloos, P.,
Verstraete, W. 2000. Probiotic Bacteria as Biological Control Agents in Aquaculture. Microbiology
Mol. Biology Rev. p. 655-671.
[6] Nonci, M., Baharuddin., Rashid, B., Pirman. 2016.
Analyses of The Reduce Methane Gas Emission by
Methanotrophs Bacteria from Rice Field in Gowa.
Modern Appl. Sci. 10: 186-190, doi:10.5539
/mas.v10n7p186.
[7] Hanson, R and Hanson, T.E. 1996. Methanotrofic
Bacteria. Journal Microbiol reviews 60, 439-471
[8] Zuraidah. 2013. Pengujian Beberapa Bakteri
Penghambat Pertumbuhan Xanthomonas oryzae pv.
Oryzae Pada Tanaman Padi. Jurnal Ilmiah
Pendidikan Biologi, Biologi Edukasi 5: 18-24.
[9] Nonci. M., Baharuddin., Rasyid, B., Firman. 2015.
Proceedings 2nd International Conference on Sustainability Development. Bali, Indonesia. 149-156.
[10] Whipps, J.M. 2001. Effect of Media on Growth and
Interactions Between a Range of Soil borne Glasshouse Pathogens and Antagonistic Fungi. J. Pathol.
10: 127-142, doi.org/10.1111/j.1469-8137.1987
.tb04887.x.
[11] Habazar, T., Yaherwandi, Pengendalian Hayati
Hama dan Penyakit Tumbuhan, Andalas University
Press, Padang, 2006.
[12] Rahman, I.S. 2011. Undergraduate Thesis,
Departement of Biology Faculty of Mathematics
Natural, Institute Pertanian Bogor, Indonesia.

June 2019  Vol. 23  No. 2

90

Nontji, et al.

[13] Bargabus, R.L., Zidack, N.K., Sherwood, J.E., B.J
Jacobsen. 2003. Oxidative Burst Elicited by Bacillus mycoides Isolate J Bac, a Biological Control
Agent, Occurs Independently of Hypersensitive
Cell death in sugar beet. Mol. Plant-Microbe Interact. 16: 1145-1153.

Makara J. Sci.

[14] Istifadah, N., Ai M., Pujawati, S., Betti, N.F., 2014.
Keefektifan Konsorsium Mikroba Agen Antagonis
dan Pupuk Hayati Untuk Menekan Penyakit Rebah
semai (Rhizoctonia solani) pada Cabai, Agr. Sci. J.
4: 337-345.

June 2019  Vol. 23  No. 2

